A process to form different shapes of β-SiC was developed using 
In addition, fine particles of β-SiC smaller than 100 nm were also obtained by crushing the blocks. For a disk formed by 5 h pyrolysis at 1500˚C, N 2 gas permeability, electric conductivity, and oxidation resistance at 900˚C in air were measured. The results indicated that the disk may be used as a gas permeable heater. The process is simple,
Introduction
Porous silicon carbide has a wide range of industrial applications, and recent years have seen rapid developments in the application of porous silicon carbide components as filters of exhaust gas from automobile engines. There may be variations but, in a broad way, three types of processes are practically useful to form porous silicon carbide components:
(1) firing of the preformed components made of a slurry mixture of organic compounds, which disappear by pyrolysis, and fine SiC powder, (2) heat treatment of a porous preform, which disappears by pyrolysis, impregnated with slurry of fine SiC powder, and (3) siliciding porous carbon components with molten or vapor Si, or carbothermal reaction of porous carbon components with silicon compounds. The first one is known fairly early and still used generally. The second is a kind of replica method and also known as the polymeric sponge process, [1] [2] [3] since polymeric sponge or foam is often used as a replica. Recently, based on the third process, a large number of papers are published aiming at porous biomorphic SiC ceramics, by using carbon frames of biomass, such 2 as wood, bamboo and paper. The references concerned with the processes (1) and (3) are too many and not cited here, since they are not the subject of the present paper.
As a modification of the process (2), a method using urethane foam and solutions of polysilanes has been reported. 4 Two steps are involved in this simple method; preparation of precursors by soaking urethane foam chips into the solutions and drying, and pyrolysis of the precursors to convert them into porous β-SiC blocks. This method, howev er, has two shortcomings: hazardous solvents must be used to dissolve polysilanes and evaporated to prepare the precursors, and sufficiently crystallized β-SiC is not obtained even by 2 h treatment at 1700˚C, which is probably due to a specific characteristic of the polysilanes synthesized by the authors. For the preparation of precursors, two types of low molecular weight silicone compounds, a cyclic type having vinyl groups and a chain-type having Si-H bonds, and trace amounts of Pt catalyst were mixed and impregnated into exfoliated graphite by sorption, then cured in air at 200-300˚C. Pyrolysis of these precursors in argon at 1500˚C for 5 h, or at 1600˚C for 1 h gave well crystallized β-SiC particles of several tens to a few hundreds nanometers in size. 7 Materials used for this process are not hazardous and commercially available at very low cost. In the present work, urethane foam (UF) was used instead of exfoliated graphite, which resulted in the formation of β-SiC balloons and porous blocks.
Properties of formed β-SiC blocks, including bulk density, gas permeability, electric conductivity, and oxidation resistance were investigated. For the measurements of gas permeability, electric conductivity, and oxidation resistance, disk shape β-SiC was synthesized. UF-HP70 (Table 1 ) disks of about 4 mm thick and 25~40 mm in diameter were used to prepare the precursors. Due to the size limitation of the high temperature furnace that can be used up to 1800 C, the disks were formed at 1500˚C with other furnace.
Experimental procedure

Synthesis of β-SiC balloons and porous blocks
Characterization of precursors and formed β-SiC blocks
Thermal decomposition behavior of UF chips, the cured silicone without UF, and typical precursors was examined in a flow of argon by thermo-gravimetry (TG; Seiko Instruments TG/DTA6300) at 300 K h was determined by using a glass pycnometer and carbon tetrachloride at 20˚C after pulverizing.
The fraction of open pore volume of a disk was estimated from the bulk density, the true density, and the density by Archimedes' method which was measured in water.
Permeability of nitrogen at room temperature was measured for a disk of P-HP70/1500-5 (3.5 mm thick and 30 mm in diameter) by a differential pressure gauge (Okano DMP203N). Electric conductivity of the disk was measured by van der Pauw method.
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Four copper leads were symmetrically connected to a disk, and a constant current in a range of 2-20 mA was applied to one pair of leads and the voltage between the other pair was measured.
Oxidation resistance was evaluated from mass change by repetitive heating at 900˚C for 1 h and cooling to an ambient temperature in air. The specimens used were disks of P-HP70/1500-1 and P-HP70/1500-5. The urethane foams start to decompose at about 200˚C
Results and Discussion
3.1.
Thermal decomposition behavior of raw materials and the precursors
and very large mass loss emerges in a range of 300-400˚C as shown in Fig. 1(a). In Fig. 1 even by holding the temperature for 1 h, as shown for P-No.14 in Fig.   1(b) , . The yield after 1 h pyrolysis at 1600˚C was 33-44 mass% depending on the precursor and the highest was P-HP70. The precursors shrank by 10-25% in size but the original shape was kept after the pyrolysis. Prolonged pyrolysis at 1600˚C
did not lead to large mass change as shown in Fig.   1(b) ; the difference between P-No.14/1600-5 and P-No.14/1600-15 2(b), the products from the precursors in Table 1 The density of pulverized P-HP70/1600-1 measured with a glass pycnometer was 3.18 g cm -3 , which is very close to the value generally accepted for β-SiC, 3.210
Si MAS-NMR spectra, however, revealed that the products contain small amounts of silicon compounds containing hydrogen and oxygen, and amorphous silica, as shown in Fig. 3 for example. For pure β-SiC, single and sharp peak appears at around -20 ppm of the DD-MAS spectrum and no peaks in the CP-MAS spectrum. In the CP-MAS spectrum peaks appear by interaction between 29 Si and the protons bonded in the vicinity of Si. 7 In the DD-MAS spectra for P-HP70/1500-5 and P-HP70/1600-1 ( Fig. 3(a) and (b)) shoulder peaks are distinguished at the right-hand side of β-SiC peak and a Fig. 3 (c) for P-No.14/1600-5, and XRD peaks also become sharper ( Fig.   2(b) ). Since the mass change by additional 4 h pyrolysis is less than a few percent ( Fig.   1(b) ), the contamination level is not very high. In the case of precursors composed of the same silicone and exfoliated graphite, pure β-SiC (by XRD and MAS-NMR) was obtained by 1 h pyrolysis at 1600 C. whereas UF mostly disappears at much lower temperature ( Fig. 1(a) ).
Morphology of formed β-SiC
Bulk density and porosity of blocks formed by 1 h pyrolysis at 1600 C are summarized in Table 1 . The porosities were calculated from the bulk densiti es on the basis of the true density of pulverized P-HP70/1600-1, 3.18 g cm -3 . Since some blocks were very fragile and the size was not measured accurately, the values are limited to two digits. It is seen that precursors formed with UF of relatively large bulk density provide β-SiC blocks of nearly the same porosity, about 80%, and similar bulk density, 0.53-0.68 g cm -3 . In contrast, precursors formed with UF of low bulk density provide β-SiC blocks of different porosities depending on the pore size of UF. P-HP70, which formed with the UF of the smallest pore size, produces β-SiC block of the lowest porosity and the highest bulk density. This is because of the sphere size and amount of silicone impregnated in UF.
P-HR30 and
P-HR50 form the β-SiC blocks of very low bulk density and high porosity, as expected from the morphology of precursors described in
3.1.
Relationships between bulk density and HTT are shown for P-No.14 and P-HP70 in Fig. 4 . From a correlation between the mass loss in Fig Table 1 ). The structure of the precursors, however, favored the pyrolysis, resulted in the well crystallized β-SiC comparable to the products by 5 h pyrolysis (Fig. 2(b) ). suggesting that the silicone balloons in the pores of UF partly f use each other by disappearing of pore wall during pyrolysis.
The blocks of low bulk densities are very fragile, and after crushing them with an agate mortar and pestle they were found to be composed of very fine particles. For crushed P-No.14/1600-1, P-HP70/1600-1, and P-HR30/1600-1, particles larger than 100 nm were rarely observed by SEM and TEM. A TEM image of crushed P-No.14/1600-1 is shown in Fig. 6 for example. Accordingly, the present process can be used to synthesiz e nano-particles of β-SiC, though microscopic observation was not carried out for all the products.
Properties of β-SiC disk formed from HP70
As described above, the β-SiC blocks having large porosities of 80-90% (Table 1) are fragile and not easy to handle.
Naturally they may be toughened by sintering at high temperatures, but as-formed blocks are not useful to evaluate various properties. Accordingly, β-SiC disks were prepared from HP70, though HTT was limited to 1500˚C due to the furnace used. A disk of 30 mm in diameter and 3.5 mm thick by 5 h pyrolysis at 1500˚C is shown in Fig.   7 .
The SEM image of the surface indicates that the disk is made of bonded spheres similar to P-HP70/1600-1 ( Fig. 5(d) ). From the XRD pattern ( Fig. 1(b) ) and the MAS-NMR spectra ( Fig. 3(c) ), the product is not well crystallized and contains other components than β-SiC, in comparison with the products by 1 h pyrolysis at 1600˚C, but it has acceptable properties as described below.
The mass and volume of the disk in Fig. 7 were 3.843 g and 2.47 cm 3 , and so the bulk density of the disk was 1.56 g cm -3
( Fig. 4) . From this, apparent porosity is estimated to be 51%, assuming the true density to be 3.18 g cm -3 . As the disk buoyancy in water was 1.565 g at 25˚C, the open pore volume of disk is 0.90 cm 3 which is 36.4% of the total volume, leading to the closed pore volume of 14.6%. suggesting that the disk is electrically uniform. Using a slope of the line and an equation for specific resistance by van der Pauw, 8 the conductivity is calculated to be 9.4×10 -2 S cm -1 . Theoretically cubic SiC (β-SiC) is a semiconductor having a band gap of 2.20 eV at 300 K but usually shows electric conduction, and the value is in a range described in handbooks.
14 The results of repetitive oxidation test at 900˚C in air are shown for disks of P-HP70/1500-1 and P-HP70/1500-5 in Fig. 9 . Both show mass gains mainly by the 1st cycle but practically no mass change is observed after the 3rd cycle, showing good oxidation resistance. The mass gain is due to the formation of SiO 2 on the surface.
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The lower mass gain of P-HP70/1500-1 is probably owing to remaining Si-O bonds in the product. Actually, the products at lower HTT showed good oxidation resistance as reported previously. SEM images of (a) P-No.14/1200-1, (b) P-No.14/1400-1, (c) P-No.14/1600-1, (d) P-HP70/1600-1, (e) P-HR30/1600-1, and (f) P-HR50/1600-1. Arrows indicate the cross-section of sphere wall. Insets are photographs of formed blocks and one division of scale is 1 mm. 
